This study assessed the actual prevalence of geohelminths and the impact of albendazole on parasitic indices in Kotto Barombi and Marumba II. Stools samples were collected from 420 school children and examined using the Kato-katz faecal technique. Participants were treated with 600 mg of albendazole. Baseline prevalence of infections and mean parasite loads were 26.4% and 6226.9e/g (Ascaris lumbricoides), 31.0% and 252.4 e/g (Trichuris trichiura), and 1.4% and 468.0e/g (Necator americanus). Four children (0.9%) were infected with Strongyloides stercoralis. A significant difference of prevalence was observed between the two villages for A. lumbricoides (P = 0.0001) and T. trichiura (P = 0.0005), and parasite loads for T. trichiura (P = 0.0001). Single infection (T. trichiura or A. lumbricoides) and double infection (A. lumbricoides -T. trichiura) were more prevalent. Post treatment control showed a decrease of prevalence and mean parasite load to 24.4% and 2969.5e/g (A. lumbricoides), and 24.0% and 112.8e/g (T. trichiura), and 0.0% for N. americanus and S. stercoralis. Efficacy and egg reduction rates were 84.6% and 55.3% (T. trichiura), 82.0% and 52.2% (A. lumbricoides), and 100.0% for N. americanus and S. stercoralis. These results suggest that geohelminths infections remain a serious health problem in school children in Kotto Barombi focus.
INTRODUCTION
Soil transmitted helminths (STH) (geohelminths) infections are among the most prevalent of chronic human infections with an estimated 2 billion individuals infected worldwide (Artis, 2006) . These infections are more prevalent in tropical and subtropical regions of the developing world where adequate water supply and sanitation are lacking. The major public health significance and economic impact of this group of pathogens is hard to quantify, although the WHO has estimated that more than 1000 million people world-wide are infected with one *Corresponding author. E-mail: njiokouf@yahoo.com. Tel: 77719631.
or more of the major pathogenic species of human: Ascaris lumbricoides, Trichuris trichiura, Hookworms (Necator americanus), and that 39 million disability adjusted life years are attributed to these four Nematodes (Chan, 1997; Albonico et al., 1999; WHO, 2001) .The greatest number of STH infections occur in Sub Saharan Africa where 89.9 millions of school age children are infected (Brooker, 2006a) . Chronic and intense STH infections can contribute to malnutrition and iron deficiency anaemia, and can adversely affect physical and mental growth in childhood (Stephenson et al., 2000; Hotez et al., 2004; Brooker et al., 2006b) .
In Cameroon, although STH infections are among the most important parasitic diseases (Tchuem et al., 2001) , they are attributed less interest as compared to infections 116 Afr. J. Environ. Sci. Technol. such as HIV/AIDS and malaria. These infections are more prevalent in the southern part of the country (Retard et al., 1991; Brooker et al., 2000; Howard et al., 2002) , and are estimated to infect 5.6 million people for A. lumbricoides, 6.5 million for T. trichiura, and 2.6 million for N. americanus (Brooker et al., 2000; Tchuem Tchuente et al., 2001 ). These parasites co-exist in most parts of the country with other parasitic infections like schistosomiasis (Tchuem et al., 2001 (Tchuem et al., , 2003 causing great parasitic burden in infected children.
In an epidemiological study in Barombi villages (south west region), Couprie et al. (1986) found that the most prevalent intestinal helminths were T. trichiura (85.2%), Necator americanus (64.1%), A. lumbricoides (51.4%), and Strongyloides stercoralis (9.8%). Since then, no survey on STH has been carried out in the area. Control of these parasitic infections in Cameroon now follows the WHO recommendations (WHO, 2001 ) which lays emphasis on a combined control approach with schistosomiasis in areas where the two parasitic diseases coexist, especially in high risk groups (school age children), as a good means of reducing morbidity in the infected population. Control in school aged children delivered through the school system is the main intervention strategy in a community Bundy et al., 2005; Brooker et al., 2006a; Kihara et al., 2007) . Our study was designed to assess the current level of STH infections and impact of mass treatment with albendazole amongst school aged children, by assessing the prevalence, parasite intensity, cure rates and egg reduction rate, in order to suggest recommendations for further regional and nationwide control efforts.
MATERIALS AND METHODS

Study area
The present study was conducted in two villages (Kotto Barombi and Marumba II) of the Mbonge sub division (South West Cameroon). These villages were selected because of their high STH prevalence (Couprie et al., 1986 ) which co-existed with Urinary schistosomiasis (Data on shistosomiasis are mentioned elsewhere) (Moyou et al., 1987; Ratard et al., 1991; Ndamukong et al., 2000 Ndamukong et al., , 2001 . These villages belong to the equatorial forest zone, Cameroon-type climate, with one long rainy season (March to November) and one short dry season (December to February). The total annual rainfall varies between 2000 -4000 mm (Ratard et al., 1991) . The inhabitants of this zone are farmers, practicing peasant farming.
Kotto Barombi (4°28'4''N; 9°15'2''E) and Marumba II (4°34'27''N; 9°20'27''E) are characterized by the absence of good water supply. The toilets have poor conditions and garbage piles on which children play on are found around the school premises.
Study subjects
The study was conducted from May to September 2007 (during the rainy season). Out of the 523 school children contacted from the two villages, 420 (220 girls and 200 boys) of ages between 1 and 20 years, participated in the survey. An informed consent of administrative authorities (Chief of health District and school directors, traditional leaders, and children) was obtained. A total of 277 (66.0%) children came from Kotto Barombi and 143 (34.0%) were from Marumba II. The sampled population was between the ages of 1 -5, 6 -10, 11 -15 and 15 -20 years.
Stool collection and processing
Prior to stool collection, children were given brief information on the disease (causes, manifestations, consequences, and diagnosis). After registration, a stool sample was collected from each volunteer in well labelled 50 ml screw-cap vials and then transported to the General Biology laboratory (Faculty of Science) of the University of Yaounde I. The samples were analyzed using the Kato-katz faecal technique (WHO, 1991) for the identification of helminths eggs following their morphology (A. lumbricoides, T. trichiura, and Hookworm), and larva stage (S. stercoralis) (Tanowitz et al., 1993) . To minimize the measurement bias on the parasitological data, all slides were read within 24 h of preparation to avoid the degeneration of Hookworm eggs. All participants were subsequently treated with 600 mg albendazole (200 mg for 3 days consecutively) (Tchuem Tchuente et al., 2001) . Drugs distribution was supervised by a medical nurse from the District health center of the area. Control of drug efficacy was done 3 months later which is the time necessary for the adult parasite to be present in the intestine of re-infected patients (Jessika, 2005) , by analyzing stool samples collected only from children who were positive during the initial survey, using the same technique mentioned above.
Data analysis
The following parameters were assessed:
1. The prevalence (P), defined as the percentage of infected individuals (NP) among the total number of individuals examined (N) (P= (NP/N) x 100) (Margolis et al., 1982) ; 2. The cure rate (CR) which is the ratio of the difference between the number of children who were positive before treatment and those positive three months post-treatment on the number of positive cases before treatment, expressed as a percentage; 3. The parasite load which is the mean number of eggs of each parasite species per gram of stool of each patient; 4. The egg reduction rate (ERR) which is the ratio of the difference between the average parasite load before and three months after treatment on the pre-treatment parasite load, expressed as a percentage (Cure rate, parasite load, and egg reduction rate are used following Saathoff et al. (2004) .
The Chi-square test was used to compare the prevalence in relation to sex, age groups, quarters, and villages while one -way ANOVA or Kruskal-Wallis tests were used to compare the parasite load in relation to sex, age groups, and villages. The Kruskal-Wallis test was used when the conditions of parametric ANOVA were not fulfilled (Sokal and Rohlf, 1981) . The level of statistical significance was at 5% (P 0.05).
RESULTS
Prevalence before treatment
A total of 420 out of 523 children were sampled for the survey, giving an overall participation rate of 80.3%. Amongst the 420 participants, 178 (42.4%) harbored at least one of the four helminth species recorded: A. lumbricoides, Trichuris trichiura, Necator americanus, Strongyloides stercoralis. Cases of single (61.2%), double (38.2%), and triple infection (0.6%) were recorded in the total number of samples examined. Single infection was more prevalent for T. trichiura (56.5%) and A. lumbricoides (39.8%), while N. americanus (1.9%) and S. stercoralis (2.8%) were rarely observed. Double infection of A. lumbricoides -T. trichiura (95.6%) dominated in the infected subjects.
A. lumbricoides (26.4%) and T. trichura (31.0%) were the most prevalent parasite species while N. americanus (1.4%) and S. stercoralis (0.9%) were rare (Table 1) . A significant difference of infection rate was observed for A. lumbricoides (P = 0.0001) and T. trichiura (P =0.0005 ) between the two villages. As regards to sex, the global prevalence of A. lumbricoides in females (27.3%) was higher than that in males (23.2%) but the difference was not significant. A. lumbricoides and T. trichiura were found in all age groups, and were more prevalent in children below 11 years but the difference observed was not significant (Table 2) .
Parasite load before treatment
The global mean parasite load for each parasite species was 6244 eggs/g of stool for A. lumbricoides, 252.4 for T. trichiura, and 468.0 for N. americanus. The parasite loads were higher in Marumba II than in Kotto Barombi with a significant difference observed for T. trichiura (P = 0.0001).
As regards the parasite loads among sex, females were more infected by T. trichiura (306.9 e/g of stool) while males were more infected by A. lumbricoides (7260 e/g of stool). The difference observed was not significant in the entire population sampled and within each village (Table 3 ). There was no significant difference of parasitic load observed among age groups.
Infection rates three months after treatment
At 12 weeks after treatment, the prevalence among children re-examined (87) was 24.4%, 24.4%, 0.0%, 0.0% for A. lumbricoides, T. trichiura, N. americanus, and S. stercoralis, respectively (Table 1) . A reduction rate of 100% was observed for N. americanus and S. stercoralis, while that of A. lumbricoides (7.2%) and T. trichiura (20.8%) were low. The overall cure rates were 82.0%, 84.6%, 100.0%, and 100.0% for A. lumbricoides, T. trichiura, N. americanus, and S. stercoralis respectively ( Table 4) . The global parasite loads reduced considerably, with their respective ERR being 52.3%, 55.3%, and 100.0% for A. lumbricoides, T. trichiura, and N. americanus, respectively.
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DISCUSSION
Polyparasitism of STH has long been observed in the Barombi villages, South West Cameroon (Couprie et al., 1986) with the principal parasites species being A. lumbricoides, T. trichiura, N. americanus, and S. stercoralis. The overall infection rate (42.4%) observed in our study is quite lower than that recorded (94.2%) by Couprie et al. (1986) in the same area, and that of Tchuem Tchuente et al. (2001 Tchuente et al. ( , 2003 in Makenene (60.0%) and Loum (90.3%) respectively. This difference observed may be linked to past history of chemotherapy. It is likely that, the previous study was conducted when children had spent much time without taking anthelminthic treatment, what could lead to infections accumulation. Auto medication is commonly being taken at individual levels, and can probably be the reason of the low infestation rate recorded during our study. This difference could also be attributed to the difference in methodology. We used the Kato-katz method (WHO, 1991) during which only one slide was read from each sample, more adapted to mass campaign studies but less sensitive than the concentrating formol ether technique used by Couprie et al. (1986) . Similar results have been observed in previous studies in Malawi where different results were obtained when using different techniques (Phiri et al., 2000; Cameron et al., 2004) . Parasitic distribution is not homogeneous and varies in relation to geographical areas as earlier observed by Ratard et al. (1991) . This can explain the difference between our results and that obtained in Loum and Makenene by Tchuem Tchuente et al. (2001; 2003) .
Cases of single, double and triple infections were noted with no case of infection with four parasites species as previously recorded by Couprie et al. (1986) . Double infection of A. lumbricoides -T. trichiura (95.6%) was the most frequent in the sampled population. This observation is obvious as the two parasites species are both transmitted by the faecal -oral route (dirty hands and contaminated food (OMS, 2006) . The risk factor of N. americanus transmission has been shown to be linked to agricultural profession and prevalence increases with age (Couprie et al., 1986; Gandhi et al. 2001; Speare et al., 2006; Kihara et al., 2007) . The low infection rate of N. americanus (1.4%) obtained may be explained by the studied population group, as the survey was done exclusively on children, who do not spend too much time in farm work as adults. However, our result is different from that obtained in school children (50.9%) and in adults (31.7%) in Uganda (Zhang et al., 2007) .
High prevalence of A. lumbricoides and T. trichiura, and high intensity of T. trichiura in females compared to males is a common occurrence in the same study area (Couprie et al., 1986) , other parts of the country (Ratard et al., 1991; Tchuem Tchuente et al., 2003) , and in other parts of the world (Saathoff et al., 2004) . This difference can be attributed to the different pattern of soil contact, as it has been revealed that geophagy is more frequent in females than in males (Saathoff et al., 2002 (Saathoff et al., , 2004 . This result is contrary to that of Hamit et al. (2008) who found that males were more parasitized because they spend much time playing than females. The low prevalence and high parasite load of A. lumbricoides observed in males than in females is contrary to results of previous studies (Tchuem et al., 2003) and it is unclear to attribute this difference to host susceptibility (Flores et al., 2001 ). This could partly be explained by early acquisition of the parasite in males and the number of adults female worms harbored. The significant difference of parasite load of T. trichiura observed in Marumba II compared to Kotto Barombi (two villages of the same geographical area) may simply be due to a difference in time acquisition of the parasite. A. Lumbricoides and T. trichiura were observed in all age groups and more prevalent in children below 11 years. This may likely reflect the active nature of children of this age group as young children spend much time playing, what exposes them to high risk of infection. This result also suggests that people still live in poor hygienic conditions. Our finding is in agreement with that of Couprie et al. (1986) , Ratard et al.(1991 ), PNLSHI (2005 , Rick et al. (2006), and Hamit et al . (2008) . Albendazole was quite effective against N. americanus and S. stercoralis with an egg reduction rate and cure rate of 100%. The drug effect was not the same for A. lumbricoides and T. trichiura with an ERR of 52.3% and 55.3%, and a CR of 80.0% and 84.6%, respectively. The results obtained for A. lumbricoides differs from that of Kihara et al. (2007) who obtained an ERR and CR of 100.0% at two months post treatment. The prevalence reduction rate of A. lumbricoides (7.2%) and T. trichiura (20.8%) observed in our study were extremely low compared to 100.0% and 45.0% obtained respectively by Kihara et al. (2007) , and 48% obtained for T. trichiura by Oqueka et al. (2005) after one dose of MDA. Albendazole acts only against the adult A. lumbricoides and efficacy depends on the worm burden in infected patients (Jessika, 2005) . It is likely that some of the larvae form of the parasite were in the migratory phase which then developed into female adults that started laying eggs after treatment. Also, the female worm burden could have been high in patients so that there was inadequate elimination of adult worms (Jessika, 2005) , what is confirmed by a high parasite load observed during pretreatment.
The low drug efficacy observed during our study for T. trichiura has earlier been mentioned in other endemic areas (Pascal et al., 1997; Horton, 2000; Adams et al., 2004; Speare et al., 2006; Kihara et al., 2007; Olsen et al., 2009 ). These results suggest that one round of MDA using albendazole may have little effect on these parasite species. Two rounds of MDA have showed little effect (Zhang et al., 2007) , no effect at all (Saathoff et al., 2004) , and anthelminthic resistance (Albonico et al., 2004) . Treatment with a single dose of albendazole or Mebendazole has given an efficacy of almost 100.0% (Norhayati et al., 1997) . Our study shows that the prevalence and parasite loads of STH infections are still high and remain a serious health problem in school children in Kotto Barombi and its neighboring villages. Also, MDA using 200 mg of albendazole for three days has little effect in reducing the prevalence and parasite load. From these results, treatment with a single dose of albendazole or mebendazole every three months will have better effect in reducing prevalence and intensity of STH in infected children. MDA should equally be done in a combined approach with appropriate sanitation education.
